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Clinical characteristics and outcome of patients with
early (<2 h), intermediate (2–4 h) and late (>4 h)
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or thrombolytic therapy for acute myocardial
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Aims We examined the clinical characteristics and outcome
of patients with early (<2 h), intermediate (2–4 h) and late
(>4 h) presentation treated by primary angioplasty or
thrombolytic therapy for acute myocardial infarction.

Methods and Results We studied 2635 patients enrolled
in 10 randomized trials of primary angioplasty (n=1302) vs
thrombolytic therapy (n=1333) in acute myocardial infarc-
tion, and baseline characteristics of the two groups were
comparable. Increase in presentation delay is associated
with older age, female gender, diabetes and an increased
heart rate. We classified the patients according to the time
delay from symptom onset to presentation into three cat-
egories: early presentation (<2 h), intermediate presenta-
tion (2–4 h), and late presentation (�4 h). At 30 days the
combined rate of death, non-fatal reinfarction and stroke in
patients presenting early was 5·8% in the angioplasty group
vs 12·5% in the thrombolysis group, in patients with
intermediate presentation, 8·6% vs 14·2%, respectively, and

in patients presenting late 7·7% vs 19·4%, respectively. With
increasing time from symptom onset to presentation, all
major adverse cardiac event rates show a trend to a larger
increase in the thrombolysis group compared to the angio-
plasty group, both at 30 days and at 6 months after the
acute event.

Conclusions Major adverse cardiac event rates are lower
after angioplasty compared to thrombolysis, irrespective
of time to presentation. With increasing time to presen-
tation major adverse cardiac event rates increase after
thrombolysis but appear to remain relatively stable after
angioplasty.
(Eur Heart J 2002; 23: 550–557, doi:10.1053/euhj.2001.2901)
� 2001 The European Society of Cardiology

Key Words: Myocardial infarction, thrombolytic therapy,
coronary angioplasty.
Introduction

It has been shown convincingly that several modes of
reperfusion therapy for acute myocardial infarction
started within 6 h (or 12 h) after symptom onset result in
an important mortality reduction[1,2], but there is no
certainty about the relationship between ischaemic time
0195-668X/02/070550+08 $35.00/0
and clinical outcome. There is clear evidence that early
treatment, especially within the first ‘golden hour’ results
in a considerable mortality benefit[1–3]. Studies that have
addressed the influence of time to treatment, including
patients who present relatively late after the onset of
symptoms, suggest that there may be clinically import-
ant differences in the time-dependent efficacy of various
reperfusion therapies[4–8]. Most studies report on
patients treated with thrombolytic therapy. It is not
known whether reperfusion actually occurs in these
patients, and if so, the time is uncertain. In patients
undergoing primary angioplasty, more information is
available concerning the moment of reperfusion of the
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epicardial coronary artery. However, in comparative
studies of angioplasty vs thrombolytic therapy the only
time frames that can be compared is symptom onset to
hospital admission or to randomization. The time from
hospital admission or randomization to start of therapy
introduces an important confounding variable as this
time is an indirect marker of both the type and quality of
care and therefore can influence outcome by itself.

A clear relationship between time from hospital ad-
mission to outcome after treatment with primary angio-
plasty has been described, although in the same cohorts
of patients no relationship was found between time from
symptom onset to treatment and clinical outcome[9,10].
Several clinical variables (age, female gender, diabetes)
are strongly related to time from symptom onset to
presentation. The influence of age on clinical outcome is
also very strong[11]. In the GUSTO 1 trial, age, haemo-
dynamic variables and infarct location contained 90% of
the prognostic information of the baseline clinical data
to predict 30-day mortality in patients treated with
thrombolytic therapy for acute myocardial infarction[12].
Therefore, we compared patient characteristics and out-
come in a large cohort of patients according to time
intervals between onset of symptoms and presentation
(hospital admission or randomization). Patients were
treated with primary coronary angioplasty or thrombo-
lytic therapy. In thrombolysis patients, we investigated
whether there is a difference in time-dependence between
rtPA and streptokinase.

Methods

Research questions and eligibility criteria

We sought to study data from randomized comparisons
of patients treated with intravenous thrombolytic drug
therapy and primary PTCA. We attempted to identify
all published and unpublished randomized trials that
compared intravenous thrombolytic drug therapy with
primary PTCA. The trial search strategy and process has
been described[2]. Primary analysis was based on mor-
tality, non-fatal reinfarction and stroke at 30 days, and
mortality and non-fatal reinfarction up to 6 months. The
analysis examined the effects of presentation delay on
outcomes after primary PTCA and intravenous throm-
bolytic therapy. With one exception, individual data
from all randomized trials comparing PTCA vs intra-
venous thrombolysis in patients with acute myocardial
infarction commencing prior to 31 December 1995 were
included. One additional trial was identified subsequent
to the previous meta-analysis[2,13–23]. We were unable to
obtain individual data for one study[23]. Eligible trials
were not confounded on other major treatments such as
heparin and aspirin. In one trial, hirudin was given to
almost half of each of the two randomized groups.
Definition of eligible patients was according to each
protocol but for most trials was confined to patients
with suspected acute myocardial infarction having ST
elevation of at least 1 mm in two contiguous leads or
suspected new left bundle branch block. No major
contraindications for the use of thrombolytic drug
therapy, and randomization within 12 h of suspected
acute coronary occlusion, was required.

Quality review

Systematic quality review of each trial was conducted to
determine whether each trial was truly randomized, that
there were no exclusions from analysis, the extent to
which outcome adjudication was blinded, and the exact
period of follow-up. Any discrepancies between the
individual data and previously published results were
queried and resolved by the investigator. Source
document verification of the data was not routinely
performed.

Definitions of time to presentation and
outcomes

Time to presentation was measured from the onset of
symptoms to randomization in six trials and from symp-
tom onset to hospital admission in three trials and was
unavailable in one trial. The same definition was used
for thrombolytic and angioplasty treated patients within
each trial. Outcomes for comparison were total mor-
tality, non-fatal reinfarction, death or non-fatal reinfarc-
tion and total stroke. Outcome definitions used by each
individual trial were used. Outcomes at 30 days and
6 months were sought for all patients.

Subgroup analyses

A number of subgroups were investigated to allow
multivariate analysis. Subgroups examined were defined
by the lytic regimen used, age (<50, 50–60, 60–70, and
>70 years), gender, diabetes, infarct location, history of
prior myocardial infarction, heart rate on admission
(<65, 65–75, 75–85, and >85 beats . min�1) and systolic
blood pressure on admission (<115, 115–130, 130–150
and >150 mmHg). Age, heart rate and systolic blood
pressure cut-offs represent approximate quartiles.

Statistical methods

All comparisons were based on an intention-to-treat
analysis according to randomized groups. Logistic re-
gression, adjusted by individual trial, was used to calcu-
late odds ratios, 95% confidence intervals, P-values as
well as to calculate P-values for tests for trend. No
adjustment was made for multiple comparisons. Tests
for heterogeneity of treatment effect across trials and
other variables was assessed using a test for interaction
or trend within the logistic regression analysis[24].

Results

The findings of this study are based on 10 randomized
trials with individual patient data[13–22], and include a
Eur Heart J, Vol. 23, issue 7, April 2002
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total of 2635 patients, 1302 allocated to primary angio-
plasty, and 1333 allocated to intravenous thrombolytic
therapy. Thrombolytic therapy was streptokinase in five
trials (355 patients), tissue plasminogen activator (tPA)
regimens given over 3–4 h in three trials (300 patients)
and tPA given over 90 min in three trials (722 patients).
A summary of the trials is given in Table 1. Time from
symptom onset to presentation was recorded in 1224/
1302 (94%) patients in the angioplasty group and in
1262/1333 (95%) patients in the thrombolysis group. In
the angioplasty group, 414 patients (32%) presented
early (<2 h), 512 patients (39%) intermediate (2–4 h) and
297 patients (23%) late (>4 h) after symptom onset,
comparable to 424 (32%), 523 (39%) and 315 (24%),
respectively, in patients in the thrombolysis group. The
median time from randomization to treatment was re-
corded in 1222/1302 (94%) patients in the angioplasty
group, median 69 min, 25%–75% percentiles 51/90 min.
The median time from randomization to start of throm-
bolytic therapy was recorded in 1193/1333 (89%)
patients in the thrombolysis group, median 22 min,
25%–75% percentiles 14/35 min. Time from symptom
onset to presentation had no influence on the delay from
presentation to start of therapy, in either angioplasty or
thrombolysis patients.

The clinical characteristics of the patients are shown
in Table 2. Presentation delay is associated with older
age, female gender, diabetes and an increased heart rate.
The clinical characteristics of angioplasty and throm-
bolysis patients are comparable. Major adverse event
rates are shown in Table 3 and Fig. 1 (30 days), and
Table 4 and Fig. 2 (6 months). All major adverse event
rates are lower in angioplasty patients compared to
thrombolysis patients. With increasing time from symp-
tom onset to presentation, major adverse event rates
were observed to increase in the thrombolysis patients
(P<0·04) but not in the angioplasty patients (P>0·4).
However, the trend to a greater increase in the throm-
bolysis group compared with the angioplasty group was
not statistically significant (P�0·06). Univariate and
multivariate analysis of risk factors for mortality at 30
days is shown in Table 5. Time from symptom onset was
Eur Heart J, Vol. 23, issue 7, April 2002
significant in univariate analysis, but no longer signifi-
cant after adjustment for the other important par-
ameters. Multivariate analysis performed separately for
angioplasty and thrombolysis patients is shown in Table
6. In Table 7, mortality at 30 days and 6 months is
shown according to thrombolytic agent. Both strepto-
kinase and rtPA showed a similar pattern of increasing
mortality with increasing time to presentation.

Discussion

The major findings of this analysis are that irrespective
of the time to presentation, patients allocated to primary
angioplasty have a lower rate of major adverse events
compared to patients allocated to thrombolytic therapy,
both at 30 days and at 6 months. There is a significant
increase in the major adverse event rate in thrombolysis
patients, with increasing time to presentation, whereas in
angioplasty patients the rate of major adverse events
seems comparatively stable. Furthermore, our data con-
firm that time to presentation is strongly related to
several important determinants of outcome, in particu-
lar age, gender, infarct location and haemodynamic
status. In a multivariate model, after adjustment for
these variables, time to treatment was no longer signifi-
cantly associated with outcome. Time from symptom
onset to presentation was measured differently in the
nine trials where data were available: in six trials time to
randomization was used while in three trials time to
hospital admission was recorded. In all cases the same
definition was used within each trial so that no bias in
comparisons between the two treatment groups have
been introduced.

Time dependence of outcome after
thrombolytic therapy

The duration of coronary occlusion and the extent of
collateral circulation are the main determinants of myo-
cardial infarct size in various animal models[25–27].
Table 1 Summary of trials

Study
Primary coronary angioplasty Thrombolytic therapy

No. patients Stents (%) No. patients Agent

Zijlstra et al.[13] 152 — 149 1·5�106 U, Sk, 1 h
Ribeiro et al.[14] 50 — 50 1·2�106 U, Sk, 1 h
Grinfeld et al.[15] 54 — 58 1·5�106 U, Sk, 1 h
Zijlstra et al.[16] 47 — 53 1·5�106 U, Sk, 1 h
Garcia et al.[17] 95 13 94 tPA, 90 min
Grines et al.[18] 195 — 200 tPA, 3 h
Gibbons et al.[19] 47 — 56 Duteplase, 4 h
GUSTO 2B[20] 565 5 573 tPA, 90 min
Akhras et al.[21] 42 — 45 1·5�106 U, Sk, 1 h
Ribichini et al.[22] 55 58 55 tPA, 90 min

Sk=streptokinase; tPA=tissue plasminogen activator.
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Occlusions persisting for �30 min generally do not lead
to significant damage. At �90 min the extent of cell
death involves 40%–50% of myocardium at risk, and
after 6 h of continuous ischaemia, myocardial salvage
will be minimal, unless collateral flow is very good[25–27].
There is a continuing debate as to whether this relation-
ship between time delay and outcome following throm-
bolytic therapy is linear[1] or non-linear, with a
significant additional benefit for very early treatment[3].
Myocardial infarct size measurements suggest that with
Eur Heart J, Vol. 23, issue 7, April 2002
respect to myocardial salvage, there may indeed be a
‘golden hour’ of reperfusion[11,28–30]. It has been sug-
gested by angiographic studies[5,6] that the time depen-
dent decrease in efficacy of thrombolytic therapy may
differ between thrombolytic regimens, with front-loaded
rtPA being less time dependent than streptokinase. The
ALKK-study group described a TIMI 3 patency of 37%
in patients treated within 3 h (n=133) and 28% in
patients treated after 3 h (n=76) with streptokinase,
compared to 73% (n=190) and 76% (n=86) after front-
loaded rtPA[6]. Steg and co-workers[5] showed a decrease
in efficacy of streptokinase after a 6-h time delay, in a
small group of patients (n=13). In our larger groups of
patients there was no significant difference in the pattern
of 30-day or 6 month outcomes between streptokinase
and tPA, according to time from presentation. In both
cases clinical outcome was worse with longer time delay,
in contrast to the pattern observed following primary
angioplasty. However, it seems likely that a much larger
study population would be necessary to establish subtle
differences in clinical outcome after various thrombo-
lytic regimens[31]. In the GUSTO-1 trial, longer presen-
tation and treatment delays were both associated with
increased mortality, but had no influence on the relative
benefits of streptokinase compared to accelerated
t-PA[32].

Time independence of outcome after primary
angioplasty?

Our data are consistent with previous observations[4,7,8]

that the relationship between time delay and outcome
Table 3 Death, reinfarction and stroke at 30 days follow-up

Primary coronary angioplasty Thrombolytic therapy

Early
(n=414)

Intermediate
(n=512)

Late
(n=297)

P-value
for trend

Early
(n=424)

Intermediate
(n=523)

Late
(n=315)

P-value
for trend

Test for
interaction*

Death (%) 3·9 4·1 4·7 0·9 5·0 6·3 12·1 0·0005 0·16
Death and non-fatal

reinfarction 5·6 8·2 7·1 0·5 11·6 12·6 18·1 0·02 0·09
Death, non-fatal

reinfarction and stroke 5·8 8·6 7·7 0·4 12·5 14·2 19·4 0·01 0·09

*The test for interaction compares whether the trend in event rates according to presentation time differs significantly between the
angioplasty and thrombolysis groups.
Table 4 Death, reinfarction at 6 months follow-up

Primary coronary angioplasty Thrombolytic therapy

Early
(n=414)

Intermediate
(n=512)

Late
(n=297)

P-value
for trend

Early
(n=424)

Intermediate
(n=523)

Late
(n=315)

P-value
for trend

Test for
interaction*

Death (%) 5·1 6·1 6·7 0·6 5·4 7·3 14·6 0·0001 0·10
Death and non-fatal

reinfarction 8·2 11·7 9·8 0·6 15·1 14·9 21·6 0·04 0·06

*The test for interaction compares whether the trend in event rates according to presentation time differs significantly between the
angioplasty and thrombolysis groups.
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Figure 1 Time dependency of primary PTCA vs throm-
bolysis. Rate of death, non-fatal reinfarction and stroke at
30 days (with 95% confidence intervals) in patients pre-
senting early (<2 h), intermediate (2–4 h) and late (�4 h).
�=the percentage of thrombolysis patients who died,
suffered non-fatal reinfarction and stroke at 30 days;
�=the percentage of primary PTCA patients who died,
suffered non-fatal reinfarction and stroke at 30 days.
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may differ in patients treated with primary angioplasty
compared to thrombolytic therapy.

However, since tests for interaction between time
dependence of outcome for each treatment were not
statistically significant, this could also be a chance
finding. One potential explanation for real interactions
with treatment is that short-term outcome is mainly
determined by flow in the epicardial infarct related
coronary artery. Angioplasty is effective in restoring
flow in a large majority of patients with acute myo-
cardial infarction regardless of time to presentation.
Patients treated early may do somewhat better[7,8]. How-
ever, our data suggest that this is mainly due to clinical
characteristics of these patients. Although time in gen-
eral seems to play only a modest role in the clinical
outcome after reperfusion therapy, it is important to
realize that patients who actually undergo effective
reperfusion therapy in the first 1 or 2 h after the onset of
symptoms are an exception. Both after treatment with
thrombolysis[29,30] as well as angioplasty[7,28], patients
treated within 2 h not only have a lower 30-day mor-
tality, but have a reduced myocardial infarct size and
consequently a better preserved left ventricular function.
As ventricular function is a main determinant of long-
term survival in patients with coronary artery disease,
very early treatment probably conveys additional
benefits. In this study, the number of patients treated
very early is too small to allow analysis.

Total ischaemic time and its consequences

Total ischaemic time is composed of four parts: (1)
patient delay, (2) medical response delay, (3) delay in
initiation of therapy, (4) delay before therapy becomes
effective. Patient delay is a major concern, as out-of-
hospital mortality is still considerable, and many
patients die before medical attention is sought[33]. With
increasing public awareness, this may be reduced. The
medical response delay consists of the time needed for
the ambulance service to reach the patient, transporta-
tion and initial diagnosis. Out-of-hospital diagnosis can
result in large reductions in ischaemic time[33,34]. The
delay in initiation of therapy is important, particularly
Table 5 Univariate and multivariate analysis of risk
factors for 30 day mortality in 2635 patients treated with
primary angioplasty or thrombolytic therapy

Univariate analysis Multivariate analysis

Odds ratio P-value Odds ratio P-value

Age
<50 years 1·0 0·0001 1·0 <0·0001
50–60 years 2·2 2·2
60–70 years 3·9 4·3
>70 years 14·1 15·1

Heart rate
<65 min 1·0 0·03 1·0 0·02
65–74 min 0·94 1·1
75–84 min 0·89 1·2
�85 min 1·7 2·0

Time to presentation
<2 h 1·0 0·007 ns
2–4 h 1·2
4–6 h 1·7
�6 h 2·4

Diabetes 1·9 0·003 ns
Female gender 2·4 0·0001 ns
Anterior infarction 1·6 0·01 1·6 0·02
Previous infarction 1·5 0·04 1·6 0·04
SBP (mmHg)
�150 1·0 0·0002 1·0 <0·0001
130–149 0·96 1·2
115–129 1·0 1·5
<115 2·3 3·0

Primary angioplasty 0·59 0·003 0·62 0·01
Table 6 Multivariate analysis of risk factors for 30 day
mortality in 1302 patients allocated to primary angio-
plasty, compared to 1333 patients allocated to intravenous
thrombolytic therapy

Primary angioplasty Thrombolytic therapy

Odds ratio P-value Odds ratio P-value

Age
<50 years 1·0 0·002 1·0 0·0001
50–60 years 2·4 1·9
60–70 years 4·6 3·4
>70 years 9·2 18·7

SBP
�150 1·0 0·03 1·0 0·005
130–149 1·3 1·0
115–129 1·4 1·4
<115 3·0 2·8

Anterior MI ns 1·9 0·02
Prior MI ns 1·8 0·05
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Figure 2 Time dependency of primary PTCA vs throm-
bolysis. Rate of death, and non-fatal reinfarction at 6
months (with 95% confidence intervals) in patients pre-
senting early (<2 h), intermediate (2–4 h) and late (�4 h).
�=the percentage of thrombolysis patients who died and
suffered non-fatal reinfarction at 6 months; �=the
percentage of primary PTCA patients who died, suffered
non-fatal reinfarction and stroke at 6 months.
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for patients treated by primary angioplasty[9,10], prob-
ably as this delay reflects quality of care. Organizational
skills, logistical expertise and optimal use of all aspects
of care are likely to have major effects on outcome.
Finally, after initiation of therapy, it takes some time
before therapy becomes effective in restoring flow in the
epicardial coronary artery and subsequently into the
ischaemic and infarcted myocardial territory. In particu-
lar after the initiation of thrombolytic therapy, 90 min
later almost half of patients will not (yet) have a patent
artery with TIMI 3 flow[20].

Limitations

Our study shows that time, as defined in this study, is less
important for the outcome of the patient than patient
characteristics such as age and haemodynamic variables.
However, some of the important consequences of time,
such as early out-of-hospital death, are not represented
in our data. Compared to the very large thrombolysis
trials[1], the number of patients treated with primary
angioplasty is still limited, and we may therefore be
underpowered to detect a time effect. Angiographic
data, or indirect measures of myocardial reperfusion
are not available. There is variability in the outcomes
after angioplasty in these trials[13–23] which has been
shown in other studies of patients undergoing
percutaneous coronary interventions[35–38].

Conclusions

1. Major adverse cardiac event rates are lower after
angioplasty compared to thrombolysis, irrespective of
time to presentation.
2. With increasing time to presentation, major adverse
cardiac event rates increase significantly after throm-
bolysis and appear to remain relatively stable after
angioplasty.
3. Time to presentation is related to clinical variables
that have a strong influence on outcome: age, gender,
systolic blood pressure, heart rate and diabetes.
4. Multivariate analysis shows that in angioplasty
patients age and systolic blood pressure are determi-
Eur Heart J, Vol. 23, issue 7, April 2002
nants of 30-day mortality. Age, systolic blood pressure,
infarct location and previous myocardial infarction are
determinants of 30-day mortality in thrombolysis
patients.

The consequences of a longer presentation delay likely
reflect differences in baseline characteristics, that have a
strong influence on outcome.
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